Recent studies suggest that scintigraphy can be used to evaluate non-invasively antral motility in humans, although scintigraphic techniques have not yet been compared with more conventional measurements of intraluniinal pressures by manometry. Simultaneous scintigraphic and manometric measurements of antral motility were performed in nine healthy volunteers. After intubation with a sleeve/sidehole catheter which incorporated five pressure sideholes located at 1 5 cm intervals spanning the antrum, each subject ingested 100 g minced beef labelled with 100 MBq 99nTc-chicken liver and 150 ml water. Between 40-43, 60-63, 80-83 
measurements of intraluniinal pressures by manometry. Simultaneous scintigraphic and manometric measurements of antral motility were performed in nine healthy volunteers. After intubation with a sleeve/sidehole catheter which incorporated five pressure sideholes located at 1 5 cm intervals spanning the antrum, each subject ingested 100 g minced beef labelled with 100 MBq 99nTc-chicken liver and 150 ml water. Between 40-43, 60-63, 80-83, and 100-103 minutes after meal ingestion, radioisotopic data were acquired in two second frames. Time-activity curves showing antral 'contractions' resulting from wall motion were derived by drawing small regions ofinterest over the antrum to coincide with the position of the antral manometric sideholes. Scintigraphic contraction rates approximated 3/minute, whereas antral pressure waves that occluded the lumen were less frequent (p<0-01 for all), particularly in the proximal antrum. The amplitude ofwall motion, evaluated scintigraphically, and the amplitude of pressure waves were both inversely related to the distance from the pylorus (r>-0.32, p<005) and antral volume r>-0.29 (p<0.05). There were significant relationships between the amplitude of contractions assessed scintigraphically and the number of lumen-occlusive antral pressure waves in the distal antrum (r-0-48, p<0.05) but not in the more proximal antral regions. It The use of radionuclide methods has contributed greatly to knowledge about normal and disordered gastric motor function. 13 The manometric technique used has been described in detail elsewhere.8 10 In brief, the manometric assembly, incorporating a pyloric sleeve sensor with a length of 4-5 cm, had a chain of 10 sideholes spaced at 1.5 cm intervals. Four of the sideholes were orad to the proximal sleeve end, four were parallel to the sleeve sensor, and two were aborad to the distal sleeve end (Fig 1) . The sideholes at each end of the sleeve sensor recorded both intraluminal pressure and antroduodenal transmucosal potential difference (TMPD) simultaneously.8 10 TMPD sideholes were perfused at 0 4 ml.min-1 with degassed normal saline from separate, electrically isolated reservoirs; all other sideholes were perfused with degassed distilled water, also at 0.4 ml.min-', from a third reservoir.7-10 After an overnight fast the manometric assembly was passed transnasally via an anaesthetised nostril and positioned across the pylorus with the correct position of the sleeve determined by measurements of the TMPD gradient at the gastroduodenal junction. 8 10 TMPD recordings were continued throughout each experiment in order to maintain the position of the sleeve sensor across the pylorus and five sideholes in the antrum. Antropyloroduodenal pressure waves and TMPD were recorded onto a 12 channel chart recorder (Grass polygraph model 7C, Grass Inc, Quincy, MA, USA), run at a paper speed of 100 mm.min-1.
In three subjects, the position of the manometric catheter was further evaluated by incorporating markers, each containing 5 MBq 57Co
(Amersham Searles, USA), into the manometric assembly at the proximal and distal ends of the sleeve sensor and 4.5 cm orad and 4.5 cm aborad to the sleeve end. When the sleeve sensor was positioned correctly (according to TMPD criteria given below) each subject swallowed 150 ml of water, containing a very low dose (0.3 MBq) of 99mTc-sulphur colloid.
In all three subjects the antral TMPD sidehole marker was shown to be three pixels (=2 cm) orad to the pylorus and the sidehole 4.5 cm orad to the sleeve end was in the ninth pixel (=6 cm).
RADIONUCLIDE EVALUATION OF GASTRIC EMPTYING AND ANTRAL CONTRACTILE

ACTIVITY
Gastric emptying and antral contractile activity were evaluated for 150 minutes after ingestion of a meal of 100 g cooked minced beef containing 100 MBq of in vivo labelled 99mTc-sulphur colloid chicken liver (total caloric content 180 kcal; 18 g protein and 10 g fat) and 150 ml of unlabelled water.14 The meal was eaten within five minutes. Throughout the recording period, the subject remained supine with the bed tilted 20°to the horizontal to avoid possible overprojection of the intestine. An anteriorly positioned gammacamera (Nuclear Chicago, Pho-Gamma 111 HP, Digital Equipment Corporation) interfaced to a computer was used to collect data. Apart from periods of rapid acquisition used for evaluation of antral contractions, radionuclide data were acquired in three minute frames. For evaluation of antral contractions, data were acquired every two seconds for the three minute intervals between 40-43, 60-63, 80-83, and 100-103 minutes after meal completion. Corrections for subject movement, radionuclide decay, and tissue attenuation were done using previously described methods. antral sideholes. Time-activity curves were generated for each ROI and displayed on a computer screen after a smoothing algorithm was applied (Fig 1) .
Evaluation of total gastric emptying was based on time-activity curves generated from a ROI drawn around the stomach. ' antral ROIs by a semiautomated program using the time interval between successive peaks and troughs. Peaks and troughs were both expressed as a percentage of counts/second/pixel in the total stomach. Based on the values for peak (P) and trough (T) counts the amplitude of antral wall movement was evaluated by deriving an 'occlusion percentage' as (1 -T/P) X 100. The number of contractions with an occlusion percentage -10% was counted. The amount of the solid meal (volume) in each antral ROI was calculated as w-Tr(d/2),2 in which 'd' represented the number of pixels across each region and 'w' the width of the region (1.34 cm). Emptying curves (expressed as the percentage retention of isotope v time) were derived for total, proximal, and distal stomach ROIs. For the total stomach, the lag phase before any isotope emptied from the stomach; the amount of the solid meal remaining in the stomach at 40, 60, 80, and 100 minutes; and the 50% emptying time were calculated. The lag phase was determined visually by the frame preceding that in which activity appeared in the proximal small intestine.' The proximal stomach 50% emptying time and the maximum content of the distal stomach were calculated in addition to the retention of isotope in the proximal and distal stomach at 40, 60, 80, and 100 minutes. ' (Fig 2) .
Evaluation of antral motility
When the content of the antrum was maximum the count rate was 25'2 (3.6) counts/s/pixel in each ROI (Fig 2) . Contraction rate. Figure 3 shows timeactivity curves in the five antral regions (two pixel width), from the distal (region I) to the proximal antrum (region V) in one subject at 60-63 minutes after ingestion of the meal. There are about nine cycles of varying amplitude in the three minute frame. Peaks are presumed to relate to the onset of a contraction and troughs to maximum contraction. There was no change in contraction rate over time. There were fewer contractions in the more proximal region(s) (IV, V) compared with more distal regions (I, II, III) (p<005) ( Table  I) .
Occlusion %. The amplitude of antral wall movement assessed scintigraphically was inversely related to the postprandial time (p<0.001). The occlusion percentage also decreased (p<0-001) with increasing distance from the pylorus. Moving from the most distal antral region (I) to the most proximal region (V), the percentages of wall movements with -10% occlusion were 94.9%, 87.7%, 82-8%, 75*7%, and 69.6% respectively (Table I) . There were significant inverse relationships between occlusion percentages and both orad distance from the pylorus (r=-0A47, p<0.001) and regional volume (r=0.29, p<0 005).
MANOMETRY
Rate ofpressure waves There was no change in the frequency of pressure waves over time (Table II) . There were fewer antral waves (p<0. 01), and Amplitude The amplitude of pressure waves did not change with time. The amplitude of pressure waves decreased from the distal to the proximal antrum (p<0.01). Moving from the most distal region (I) to the most proximal region (V), the percentages of pressure waves ¢a 10 mm Hg were 76%, 61%, 44%, 3/5%, and 41 % respectively (Table II) . There was an inverse relationship between the amplitude and both orad distance from the pylorus (r=-0.32; p<0O05) and regional volume (r=-0A49; p<OlOOO 1).
RELATIONSHIP BETWEEN SCINTIGRAPHIC AND MANOMETRIC MEASUREMENTS
The frequency of lumen-occlusive antral pressure waves was less than the number of scintigraphic contractions in all regions (p<0.01) (Fig 3) . There were significant relationships between the extent of antral wall motion evaluated scintigraphically (occlusion %) and the number of antral pressure waves in region I (r=0.48, p<005), but not in more distal regions. There was no significant relationship between the occlusion percentage and the median amplitude of pressure waves. There were also no significant relationships between either scintigraphic or manometric measurements of antral motility and overall rates of gastric emptying. Discussion This is the first study which has evaluated the precision of intraluminal perfusion manometry and scintigraphy in the evaluation of antral motility in humans. Our results confirm the previous suggestion'6-21 that scintigraphy can provide a sensitive measure of movement of intragastric content resulting from antral contractions in both the distal and the proximal antrum. In contrast, the frequency of lumenocclusive antral pressure waves decreased considerably with increasing distance from the pylorus, and these were virtually absent in the 
